Immunisation is not a static strategy as the literature affirms: we argue that the conditions established for reaching immunisation are unbalanced in themselves as times go on. This paper presents a valid, comprehensive strategy with all the conditions and assumptions made. It is checked in the Spanish debt market with data from 2004 to 2013 using some immunised portfolios preset following these conditions so that there is no rebalancing. The authors find a strategy that eliminates the requirement of rebalancing because of time passing or due to the mere parallel shift of interest rates regarding the yields that should have been obtained under the hypothesis of the rational expectations theory.
Introduction
The objective of most financial institutions with assets to invest is to fund some sort of liability. As a result, asset/liability management (ALM) should be the investment focus and the basis for selecting core portfolios. Insurance companies may have been the birthplace of ALM, and they have certainly been the reference model for ALM discipline, thanks to the stringent regulations imposed on them (International Association of Insurance Supervisors [IAIS], 2006) .
In short, ALM can be defined as the process that deals with interest rate risk management. Banks and insurance companies have practised ALM since their inception. Their ALM approach centres on the interest rate risk management of assets versus liabilities such that their risk/reward behaviour is similar or matched (Brick, 2014) . Insurance companies must meet their liabilities in the manner in which they have been underwritten, independent of their financial and economic trend. Having estimated the future outflows coming from the liabilities, the company must collect enough money and invest it to attain that target. It should never be forgotten that even an insurance company can use different strategies to achieve its goals. The first objective is to maximise the value of the company for shareholders KEYWORDS Dynamic immunisation; immunisation risk; rebalancing; cash flow matching; aLm; interest rate risk and the second is to protect value for policy holders and guarantee the future payout of potential policy obligations (Plantinga & Huijgen, 2000) : to pay when payment is due.
The factors that condition an ALM strategy are asset flows, liabilities and the interest rates used to assess them. There is a large body of literature on each of these factors though, in all cases, the fact that immunisation is a static strategy is taken into account. This means that when there are unexpected changes in interest rates an almost continuous rebalancing is required to attain the payment target. The present paper sets out to show that there is an immunisation strategy other than cash flow matching (CFM) that enables the payments due to be met and does not entail continual rebalancing in the face of variable interest rates and no defined law.
To that end the following section reviews the main literature on ALM, noting the main characteristics of CFM and immunisation. Most authors point out the static nature of the strategy, but there is a variant that enables the aim of payment to be fulfilled.
This general, dynamic strategy is presented in Section 3 (Methodology). Its main characteristics are outlined, along with the correct indicator for checking whether the strategy meets its goal. At this point immunisation risk is significant: to measure it we use the absolute immunisation risk (in Spanish Riesgo de Inmunización Absoluto (RIA)), which is an improvement on the usual measurements of M 2 and M A . To test its applicability we run a hard practical test of this strategy, taking Spanish interest rate data from 2004 to 2013 and checking the trends over nine years for seven different portfolios without a single rebalancing.
Before this test, the trend in interest rates over this very long, turbulent period is reviewed. As might be expected, in this troubled period the interest rates observed are far from those expected. Therefore, as the assumptions are not fulfilled, the trend in the portfolios could be disastrous. At any event, it is found that this trend is really threatening, proving that the strategy works even in the hardest conditions.
Finally, we offer proposals as to what an insurance company could do to avoid almost all interest risk while offering its customers interest rates near those of the debt market. In summary, the investment strategy makes it possible to raise payments to customers or, conversely, to promise higher interest rates (Kortleve, Mulder, & Pelsser, 2011) .
Immunisation models: an overview
Immunisation models can be said to have originated in 1952, when two seminal proposals for dealing with interest rate risk were made: CFM (Haynes & Kirton, 1952) , also called absolute or dedicated matching (Bader, 1983) and immunisation (Redington, 1952) , also called duration matching.
Several authors have taken on the task of extending the original model to take into account more realistic real-world assumptions. In this sense, CFM is not always possible because sometimes the market might not have the bonds needed to implement this strategy, but when possible it has advantages, such as the complete elimination of interest rate risk. Future-value matching of liabilities (dedication) is most beneficial for accounting purposes when there is a guaranteed match of assets to liabilities (Ryan, 2013) . To execute a certain match of liabilities requires zero-coupon bonds matched to the liability payment dates and amounts. But when zero-coupon bonds are not available it is mathematically difficult for dedication models using coupon bonds to be certain of a guaranteed match of liabilities because of reinvestment risk, call risk, low interest rates (Beer & Gnan, 2015; Focarelli, 2015) and other factors that would alter the cash flows.
Immunisation focuses on matching the interest rate sensitivity of liabilities in present values. As a result, it focuses on duration (or modified duration) in harmony with horizon analysis. The duration matching approach and its many modified approaches (Fong & Vasicek, 1984; Shiu, 1987a , Shiu, 1988 Reitano, 1996; Hürlimann, 2002) are generally used for interest rate risk management. However, they are not feasible in our case due to the lack of long-term bonds to discount the liabilities and compute the duration.
Several authors argue that CFM (Kocherlakota, Rosenbloom, & Shiu, 1988 ) is a class of bond immunisation technique where a stream of liabilities is matched perfectly by cash flows generated from a bond portfolio (Fisher & Weil, 1971; Hiller & Schaack, 1990; Zipkin, 1992) . The resulting portfolio is thus truly immune from interest rate changes. Various extensions of the CFM technique have been studied. Hiller and Eckstein (1993) consider a stochastic programming approach in the spirit of mean variance portfolio optimisation (Cheng, 1962; Markowitz, 1952) . To also take into account interest-sensitive cash flows, unknown random times of payments and other stochastic modelling assumptions, further extensions are needed. Several authors have already worked along these lines (Boyle, 1978; Albrecht, 1985; Castellani, DeFelice, & Moriconi, 1992; Shiu, 1993 , Munk, 2011 . On the other hand, Chun Ma and Ki Cheung (2013) apply a dynamic approach to future interest rates under lattice models.
Because immunisation strategies focus on matching present values, the question of what discount rates to use to calculate the present value of liabilities became a major consideration. The Financial Accounting Standards Board (Financial Accounting Standards Board [FASB], 1985) clarifies this point by asserting that the discount rate methodology used for liabilities should be based on a high-quality bond yield curve that settles the liabilities. Fisher and Weil (1971) work with a non-flat term structure of interest rates and show how to immunise a single liability for parallel shifts in the term structure. This approach was subsequently generalised to multiple liabilities by Shiu (1988) ; who also finds interesting connections with linear programming (Shiu, 1987a (Shiu, , 1987b (Shiu, , 1988 . The extending of this approach and a remarkably rigorous statement of Redington's theorem are discussed in Montrucchio and Peccati (1991); and Hülmimann (2002) extends the conditions set by Fong and Vasicek (1983a) and Shiu (1988) to a necessary and sufficient condition for immunisation under arbitrary convex shift factors of the term structure of interest rates.
From the very outset (Redington, 1952) , the main limitation that has been attributed to immunisation is that it supposedly works only at the initial time, i.e., it is a static approach. Even when the conditions are set (Iyengar & Ma, 2009) , the mere passage of time dismantles the initial balance. Almost all the previous literature about immunisation supports the opinion that it is possible to immunise a portfolio of default-free assets against unexpected interest rate changes so that at the end of the planning period the investor will realise at least the returns expected at purchase. However, this immunisation strategy is applicable for the case in which the change in unexpected interest rate occurs only once at the instant after the purchase of the asset. Obviously, the case depicted above is not likely to resemble the real world situation in at least two respects. First, the interest rate change is likely to occur at any time and, second, the interest rate change is likely to occur many times during the investor's planning period. Khang (1983) analyses this case and establishes that the only way to enable dynamic immunisation is to rebalance constantly. He states that if nothing is done only CFM is able to secure the portfolio dynamically. The same conclusion is reached by Hürlimann (2012) ; who presents the immunisation against all possible shift directions and concludes that a portfolio of fixed assets and liabilities can only be immunised against arbitrary shifts of the interest rate curve through an exact matching strategy. However, as Navarro and Nave (1994) remark, there is just another way to secure the portfolio, following the 'Dynamic Global Immunisation Theorem enunciated by Khang in 1983' , consisting of following 'a continuous portfolio rebalancing in order to keep portfolio duration equal to the length of the remaining planning period' . But, 'Khang's theorem was based on a set of hypothesis including… the absence of transaction costs' , because continuous rebalancing would obviously entail incredibly high transaction costs, and this is why Navarro and Nave (1994, p. 397) establish 'that the optimal dynamic strategy against interest rate risk depends on the level of transaction costs' .
By contrast, Iturricastillo Plazaola and De La Peña Esteban (2003), find that there is a strategy that enables a portfolio to be immunised for a long time rather than merely at the time of implementation of the immunisation conditions: horizon matching. This strategy consists of a short initial period of CFM and a duration matching for the remainder of the portfolio's lifetime. Under several constraints, immunisation would remain perfect by itself in every portfolio that satisfies those constraints (Iturricastillo Plazaola, 2007; Iturricastillo Plazaola & De La Peña Esteban, 2008) . So there is no need for exact matching or continuous rebalancing to immunise a portfolio for a long period.
Methodology

The model
The horizon matching strategy consists of an initial short period of CFM and then duration matching for the remainder of the portfolio's lifetime (Iturricastillo Plazaola & De La Peña Esteban, 2003) .
The sole assumption is that the interest rate curve follows the hypothesis of rational expectations theory (HRE) except when there is a parallel shift. Thus, the future interest rate curves will be the curve of the implied forwards rates expected from the beginning or a curve parallel to them. It is proved that under these assumptions it does not matter at what stage the parallel shift happens, because it is transferred to the implied rate curves in a parallel manner (Iturricastillo Plazaola, 2007) . The immunisation conditions therefore remain perfect by themselves following this strategy, even if there is a shift of the interest rate curve at any time, so long as the assumption is fulfilled.
This model can be called 'general' because the strategy presented for either of the last two dynamic immunisations, which are two special immunisation cases (Bierwag & Kaufman, 1985) , is a generalisation of the classical model. Moreover, the classical model is also clearly a generalisation of the model presented by Redington (1952) , because Redington's model performed the analysis from a unique interest rate, and can thus be considered to use a flat interest rate curve, so parallel shifts may be expected. Obviously, after such a shift the flat interest rates curve remains flat. This is a special case of our model, since the implied forward rate curves of a flat spot rates curve is the same curve and, therefore, remains flat. And if the shifts are parallel all curves also remain flat.
Requirements for dynamic classic immunisation
In this case a portfolio is immunised without a net capital, where the liabilities of the portfolio have a present value equal to the money available for the company to invest in order to meet those liabilities. The goal is to avoid the assets having a lower value than the liabilities at any time.
Definitions:
Spot rate for the (0;t) period;
Current value of liabilities;
Inflow at t;
Modified duration of asset at present time (with the current spots);
Modified duration of liability at present time (with the current spots); MCX A ( t i 0 ): Modified convexity of asset at present time (with the current spots); MCX L ( t i 0 ): Modified convexity of liability at present time (with the current spots).
The requirements for this immunisation are:
1. Present value of the assets equal to the present value of the liabilities 2. Initial value of the modified duration of assets equal to the initial value of the modified duration of liabilities 3. Initial value of the modified convexity of assets equal to or higher than the initial value of the modified convexity of liabilities
4. CFM period or absolute matching period longer than or equal to the period in which the company would like to avoid any rebalancing (no rebalancing period).
These conditions immunise the portfolio perfectly and dynamically, but a prudent portfolio manager would also like to control the immunisation risk. The best known tool for measuring this risk is M 2 (Fong & Vasicek, 1983b) . This measure has come in for considerable criticism and there have been many proposals looking to surpass its performance. For example, although it is well known that financial risks are linked with time, money, etc., but not with their squares, some advocates of M 2 (Li & Panjer, 1994 ) present the fact that M 2 looks like a variance as one of its strengths. Furthermore, and linked with the above, although M 2 has been proved not to perform badly, it is clearly some distance from financial sense. There have been many proposals, knowing that any dispersion measure is an immunisation risk measure (Balbás & Ibáñez, 1995) , and among them an interesting step forward could be M A (Nawalkha & Chambers, 1996) : this is rather similar to M 2 , but it measures risk in financial units and not in its squares and is thus more closely tied in with financial reality. However, even this measure is bound to statistics and has no real financial sense, which is why it also has problems measuring immunisation risk.
Iturricastillo Plazaola (2007) proposes a new measure for quantifying and controlling immunisation risk: RIA. This measure classifies the risk of portfolios better and also has a clear financial sense, which means that the measure itself is quantitatively meaningful and easy to understand (Iturricastillo Plazaola & De La Peña Esteban, 2010) .
The RIA measures the average time between liabilities and the inflows that serve to offset them, so it is consistent with its objective, i.e., immunisation risk, as it shows how far a portfolio is from (or how close it is to) the strategy without interest risk -absolute matching or CFM -in which outflows and inflows are perfectly matched. So, the manager can establish a maximum RIA to control immunisation risk. In making this choice it is always advisable to adopt a minimum margin of prudence.
For the sake of simplification Iturricastillo Plazaola (2007) sets out the following equation to calculate the RIA k Number of periods considered within each year.
This paper sets out a dynamic, complete, general immunisation model, which means that the immunisation risk measure must also be dynamic, but M 2 and M A are not. If immunisation is established for a long time, the manager should at least know as accurately as possible how immunisation risk is likely to develop. During the absolute matching period the deployment of the RIA is understood (Iturricastillo, De la Peña, Moreno, & Trigo, 2011) , so this growth can be programmed beforehand, making it easier to monitor this risk in following this strategy.
The RIA at x within the no rebalancing period is the following RIA 0 : RIA at the initial time.
PFF x : Proportional weight of the flows after x in the whole initial value where PFF 0 is 1 and decreases as x grows, RIA x is an increasing value. Given that the value for a given time x of PFF x is known when the portfolio is established and considering x to be the end of the absolute matching period, a fifth condition could also be established to control immunisation risk, even though it is not really needed to secure theoretical immunisation:
5. The initial RIA should not exceed the proportion PFF x of the maximum RIA previously established by the manager. This last condition can be stated as If the assumptions hold, then immunisation will remain perfect by itself on every portfolio that satisfies the above conditions (Iturricastillo Plazaola, 2007; Iturricastillo Plazaola & De La Peña Esteban, 2008) .
Application to an economic crisis period: Spain
Trend in the interest rate curve
The objective of this paper is to test the performance of immunisation in one of the worst conditions ever. Spanish State debt has recently undergone severe hardships and has suffered a serious financial storm. The interest rate trend period chosen is therefore unique in terms of showing how immunisation implemented long before a deep crisis performs: this immunisation was expected to be free from rebalancing for a long period.
In this paper the interest rates curves considered are those for Spanish State debt at the beginning of 2004, 2009, 2011 and 2013 . These curves have not been smoothed: they are the actual curves, with the problem of strange changes of interest rates from one term to another and the advantage that real investment may be found in those conditions.
There are intervals of 5 years, 2 years and 2 years, respectively, between these curves, and we want to show what would have happened if there had been an immunisation in 2004 following the criteria explained without a single rebalancing. As the period free from rebalancing is so long, the initial absolute matching period has to be even longer.
Appendix 1 shows the interest rate curves at these times. The starting point is the beginning of 2004, so that is the starting point for the comparison. Figures 1, 2 and 3 show the observed interest rate curves (spots) at each time to be tested and the interest rate curves predicted (forward) from the interest rate curve for 2004. A glance at Figures 1, 2 and 3 is enough to confirm how different from a parallel movement (from the predicted curve) the interest rate curve is. Theoretically, the expected performance of the portfolios immunised with the conditions stated would be very poor.
Trend in different portfolios
In this section a test of the performance of seven different portfolios is developed. They are immunised against interest risk, and the initial outflows of the liabilities are chosen by a random procedure with the constraint that they must all be future outflows in multiples of €200,000, up to a maximum of €4 million.
The no-rebalancing period required, unforeseen circumstances notwithstanding, is 9 years, from 2004 to 2013. So, the portfolios must perfectly match the liabilities/outflows for this whole period and two further years because …in practice, the portfolio manager must leave time between the moment when he wants to rebalance and the term when the absolute matching ends. This will help to manage when there is a financial earthquake, because it will give time to rebalance, when more probably the shortterm interest rates will not move in a parallel manner. While there are not non-zero net cash flows in the short term, the short-term interest rates will not affect the portfolio. (Iturricastillo Plazaola & De La Peña Esteban, 2012, p.12) Table 1 shows the outflows originated by the liabilities and the inflows from the seven portfolios to be immunised. First, the portfolios have to meet the first four conditions of immunisation (the real conditions). Second, the basic difference between the portfolios is the limit chosen for the initial RIA. In theory, the final RIA should be limited and then the initial RIA at the beginning should be calculated following Equation (6), but for the sake of simplification the initial limit is set directly. So, the first five portfolios have a limit on the initial RIA of 0.25, 0.5, 0.75, 1 and 1.5, and the sixth portfolio maximises the positive difference between modified convexities, with an RIA of 1.8. The maximisation of the RIA is linked to the maximisation of the net modified convexity (Iturricastillo Plazaola & De La Peña Esteban, 2010) ; this is good for making a profit if the assumptions are fulfilled, but it increases the immunisation risk.).
By contrast, the last portfolio is chosen with an additional constraint that could be chosen by managers, limiting the risk by restricting the inflow at any time, as the outflows are also spread over time. The seventh portfolio thus restricts inflow to four million. The last portfolio meets the conditions for immunisation and has an RIA close to 0.18, so the level of unexpected movements in the net value should be near but below the level of those in the first portfolio, though the direction of these movements might be different.
Theoretical trend and parallel shifts
This section begins by showing in Table 2 the basic data on the performance of the portfolios assuming that the predicted forwards become spot rates. Table 3 then shows the performance that there would be if there was a parallel shift with respect to the forward figures. Thus, in both cases the assumptions are perfectly matched. For this last example a parallel increase of 3% is chosen for all the predicted interest rates. 1,800,000 1,800,000 1,800,000 1,800,000 1,800,000 1,800,000 1,800,000 1,800,000 2 1,400,000 1,400,000 1,400,000 1,400,000 1,400,000 1,400,000 1,400,000 1,400,000 3 2,400,000 2,400,000 2,400,000 2,400,000 2,400,000 2,400,000 2,400,000 2,400,000 4 1,800,000 1,800,000 1,800,000 1,800,000 1,800,000 1,800,000 1,800,000 1,800,000 5 3,400,000 3,400,000 3,400,000 3,400,000 3,400,000 3,400,000 3,400,000 3,400,000 6 2,600,000 2,600,000 2,600,000 2,600,000 2,600,000 2,600,000 2,600,000 2,600,000 For the sake of clarity, the net values are shown in terms of the ratio between the surplus and asset values. If the interest rate curve follows HRE theory then immunisation ensures that the net value and the duration differences will remain constant (zero) and that the positive convexity difference and the RIA will increase as the zero net cash flows of the initial absolute matching period disappear (Table 2 ). This last trend depends on how many matched inflows/outflows have already been paid, since they reduce the value of the portfolio while the nominal risk faced is the same. Hence, the proportional risk gets higher. Table 3 shows that there is no possibility of losses so long as the assumptions are fulfilled. In this case, the benefit of parallel shifts is higher when the risk is higher. However, the riskiest immunised portfolio can bring the highest losses (or profits as the case may be) if the assumptions are not fulfilled. Table 4 shows the trend in the seven immunised portfolios (linked to liabilities) at the very beginning of 2004 and after 5, 7 and 9 years without a single rebalancing. It is shown that there are just two cases where the final net value is slightly negative, and even then there has been a chance to make a profit first by rebalancing, so the real possibilities of this strategy are very clear. The net values change over time in a way very different from what was expected, because the interest rates also move in an unexpected way. Nevertheless, the worst observed performance at any time tested is a loss of only 0.58%, which is a very good result, considering that this is a decrease on the final result after 9 years of capitalisation and having not spent a single euro in transaction costs, and even more so when there was a profit of 0.55% in a previous period, which could have provoked an in-between rebalancing to ensure this surplus.
Real trend and consequences
In brief, the proposed immunisation strategy will meet its target, as shown in one of the toughest periods that could be found.
Results and proposed strategy
A customer looking to ensure a pension plan or an annuity has no possibility of investing in anything as profitable as, and less risky than, the immunising portfolio, and would in any event encounter larger transaction costs.
Article 2 of Spanish Royal Decree 239/2007 of 16 February (amending the Regulations on Planning and Supervision of Private Insurance approved by Royal Decree 2486/1998 of 20 November) includes a redrafting of Article 33, which regulates the rate of interest allowed to determine the provision of life insurance. There is now a maximum rate set by the supervisor as a weighted mean of the interest rates for five or more years, calculated each month. Table 5 shows the interest that would have been in force in 2004 and the implications of offering this rate. The data above show that a company offering this maximum interest rate would charge almost 25% over the fair price, even though the rate obtained is not so small for a customer unable to cover these risks on their own.
If there were no other options, companies would have to compete by other means to get such profitable business, but in fact the new regulations also enable them to promise higher interest rates, linking any investment with the appropriate duration to this liability.
Hence, the regulations allow even the highest interest rate obtained by the linked portfolio to be pledged, but a company should not act in this way due, among other things, to the following:
1. The company has to face burdens and costs to manage the portfolio, so a minimum extra charge is needed; 2. A cushion is also needed to overlay risks such as credit risk and immunisation risk, for example; 3. If the company promises the interest rate of the investment for its liabilities and if this is higher than the rate offered by the absolute matching portfolio, the company would collect less than the amount needed. Table 6 shows the mean interest rate obtained by the seven immunised portfolios shown above and by the perfectly matched portfolio, with inflows equal to liabilities. In view of Table 6 there must be a great need before a strategy other than absolute matching will be chosen, e.g., the impossibility of finding bonds for one or more of the terms, or the intention to make a profit by rebalancing every time there is a surplus. The latter might be interesting in the long term, when interest rates move enough to make a profit high enough to justify a rebalance. 4.47644% Table 7 shows the situation if the company promises 0.25% less than the interest rate earned by portfolio 1, which has the lowest interest rate. Even in this case, the promised interest rate would be higher than 4.2%, which is clearly a high return in the long term, thus showing the high performance from immunising. In this case the net value would be almost 3%, which might be a high-enough cushion if the investment is made in a secureenough bond type.
Finally, once the promised interest is set, the premium is set, and the strategy can then be implemented.
Conclusions
Generally, dynamic immunisation is designed to establish a strategy and exercise very light control, with no need to make changes in the portfolio for long periods, though it could also be implemented when a minimally significant profit can be assured by switching from one immunised portfolio to another.
The regulators and supervisor should follow the immunisation model proposed in this paper to establish the conditions for permitting an interest rate near that of the immunised portfolio, limiting the RIA to a prudent level and asking for a quite long absolute matching period both at the beginning and later.
The general, dynamic immunisation strategy developed proves to be a very useful tool, and performs well in reaching goals regardless of the hardships faced. Following the immunisation strategy, companies can offer higher interest rates, so they will be much more competitive. On the other hand, insurance holders see that their commitments are assured by guaranteed returns not influenced by market fluctuations.
The immunisation model proposed is the one that is most closely linked with the usual business of companies, so it should be the one chosen by the regulator and by companies themselves. To ensure solvency the regulator must set a required minimum difference between the interest of the immunising portfolio and the interest rate promised. It is thus possible to determine the solvency capital, which should be minimal due to the interest rate, as has been shown. This strategy enables companies to immunise themselves to unexpected, non-parallel changes in interest rates, and thus makes them stronger.
Long-term risks are common in the insurance industry: interest risk, mortality risk, longevity risk, etc. The current approach taken by life insurers in Spain has led to a high level of specialisation with regard to interest risk by means of duration-type immunisation systems. It also represents a degree of experience that is sure to help in the development of the new solvency systems envisaged in Solvency II. After all, as shown in the paper, interest rates can describe the future earnings of a fixed-income portfolio rather well. As has been proved here, there is a strategy that really works in the long term, even in the Spanish debt market crisis: the dynamic, complete, general immunisation model. 
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